From 2003 to 2013, Enriquillo Lake, Dominican Republic, showed an increase in water level of 13 meters, with its level changing from 42 to 29 meters below sea level (BSL). In 2003, its maximum depth was approximately 24 meters; in 2013, it was 37.1 meters. The water surface coverage increased from 194.9 to 391 km 2 , flooding agricultural areas and leaving hundreds of people homeless. In addition, salinity increased from 105 ‰ to 23.4 ‰, a decrease of 4.47 times comparable to the volume change, which increased 4.48 times according to topographic and bathymetric maps. These changes began with Tropical Storm Odette and occurred progressively through 15 additional tropical cyclones (TC) or hurricanes that struck Lake Enriquillo between 2003 and 2011. Other climatic phenomena that have great influence on the Caribbean climate include the following: North Atlantic Oscillation (NAO), Southern El Niño Oscillation (ENSO), the trade winds, North Atlantic Warm Pool, Multidecadal Oscillation, the anticyclone Caribbean Regulator Climate Centers (CRCCs), and the Bermuda-Azores High (Mendez-Tejeda et al. 2017). The sediment records deposited by the runoff from these phenomena were analyzed. These proxy records were used to determine the decadal fluctuations related to cyclonic systems and the resultant effect upon increasing the level of Lake Enriquillo (LE). The accumulation rate (TAS) was estimated by means of 210 ( 210 Pb) lead radiochronology, elemental composition, and mineral and ignition loss. These results were correlated with the extreme climatic events that affected the Lake Enriquillo Basin (LEB) from 1900 and 2011.
Introduction
Enriquillo Lake is the largest, insular depression in the Caribbean region, located between latitudes 18. 39-18.58° N and 71.49-71 .84° W (Figure 1 ) in the southwestern part of the Dominican Republic (DR). It is bordered to the north by the Sierra de Neiba and to the south by the Sierra de Bahoruco. It is an endorheic lake, with a watershed of 3,048 km 2 , is hypersaline when its area is less than 300 km 2 (Buck et al., 2005) , and has maximum depth 68 (BLS). The lake possesses three islands: Cabrito, Barbarita, and the Islita (NASA, 2003) .Some researchers (Benson and Paillet 1989 , Carpenter et al., 2011 , Comarazamy et al. 2015 used indicators of climate and environmental change. In this case, all the hydrological variables of the lake reflected change, including the volume of the lake, the surface, and the salinity (Buck et al., 2003) . Among these changes, the most evident is the large amount of surface water, as it is observable by satellite. The most widely accepted hypothesis for the cause of changes in the lake surface is that there is a connection with natural climatic variations to geological time scales. The type of influence on climatic factors is supported by the literature (Mendez-Tejeda et al. 2016) , wherein it discusses that any effect on the Caribbean climate would depend on several factors, such as the CRCC's, the NAO, the ENSO, trade winds, the Warm Water Pool North Atlantic, Multidecadal Oscillation, and the Azores anticyclone.
beginning of 2013, Lake Enriquillo began to increase its area every year, flooding agricultural and livestock areas. The floods were a cause of concern for the communities surrounding the lake and the Dominican Government. Mendez-Tejeda et al. (2016) analyzed the increases, determining that LE levels saw a rise of 17.2 m between 2000 and 2013. The impact generated by the unexplainable increase in the level of LE continued to mount for the population living in the LE area. Many conjectures arose to explain the phenomenon of a lake whose levels continued to increase, thus causing flooding, despite a lack of rainfall. While expectations increased with the 2010 earthquake in Haiti, there were no answers beyond those with little or no scientific basis to support the potential causes of the "unusual" lake growth. Some speculated that the earthquake had caused geological movements that allowed the entry of sea water from the Bay of Neiba. Others claimed that Lake Azuei, located at a higher elevation in Haiti, poured its waters through fissures caused by the earthquake; they argued that, as it is a region of low precipitations even in the wet season, these floods had to come from water originating from another region. Another important factor to consider is deforestation in the region played an extremely significant role in increasing runoff and sediment trawling (González et al., 2010; Romero-Luna & Poteau 2011) .
Several researchers, for example (Lane et al., 2017 , Buck et al 2005 have carried out important paleoclimatic investigations in the LE area, for example in Laguna Alejandro. The lagoon is located along the southeastern edge of the LEB and is separated from the Bahia de Neiba by a narrow (75-100-m wide) coastal barrier. They applied this technique to a recovered sediment core, which had already been analyzed for other sedimentary TC proxies. Negative δ
18
O anomalies identified in the ostracod valves in the stable isotope record are associated with TC deposits and are most easily explained by large influxes of 18O-depleted meteoric waters typical of intense tropical storms.
Some researchers (Mendez-Tejeda et al., 2017; Cocco, 2009; Comarazamy et al., 2015) concluded that the basin had not dropped enough water to produce the increases that the LE presented, determining that the water was coming from tributaries like the Cristobal Canal or some other source, while the Rio Yaque del Sur (the largest river in DR's southern region) was not considered to be a contributor to LE.
In an attempt to answer these questions, the following hypothesis is proposed: An analysis of the sediment deposits in Lake Enriquillo would determine the point of origin for other, unidentified water sources. With this hypothesis as a starting point, it was decided that a study of the sediments in LE, as well as Lake Azuei and the main lagoons that serve as tributaries (Laguna Cabral, Rincon Lagoon, Laguna de Limón, etc.) from 1900 to 2014 was necessary. In order to find the sediment origins of LE (which would serve as a fingerprint to identify the water sources) and its relationship to the tropical systems that have impacted the region from 1900 to 2014, data and samples were collected from sediments in LE from 2003-2011.
Study Area
The Enriquillo Valley (Fig. 1) is located in the southwestern Dominican Republic. The main cities located around LE are: Jimani, La Descubierta, Neiba, Postrer Río, Duvergé, Boca de Cachón, Mella, Villa Jaragua, Los Ríos, El Limón, and Galván. These towns belong to the provinces Independencia and Bahoruco, with 54,785 and 97,313 inhabitants, respectively. Agriculture and livestock are the primary economic activities (National Bureau of Statistics, RD, 2010) . The region is home to the Holocene coral reefs, a wonder of preservation in today's world. The unique exposure and preservation of Enriquillo carbonates makes this an excellent location to explore, via proxy data, mid-Holocene climate change, as shown in Figure 2 (Greer et al., 2006) The hydrology of the modern Enriquillo Valley is complicated by baseline hypsography and tectonism in the Caribbean region Medley et al., 2007; Cuevas et al., 2005) . The flora originates from dry forest, which is much dispersed. The fauna is characterized mainly by reptiles, including iguanas (Cyclura cornuta and Cyclura ricordi) and crocodiles (Crocodylidae), and several types of birds, including flamingos (Phoenicopterus ruber), several species of herons (Ardeidae), and gulls (Laridae) (Marcano, 1987) . The LE basin has several tributary sub-basins: Guayabal, Los Bolos, Penitente, Damas, Boca de Cachón, La Azufrada, La Zurza, Angostura, Barmesí, Panzo River, Barreno River, Río Blanco or Solié River, Penitente River, Lagoon of Rincon, Laguna de Limón, part of the Yaque del Sur basin through the Cristóbal canal (including the waters served by the water region's aqueducts from other basins), the Las Barias and Las Marías springs, and more than 700 other, small springs (Cocco, 2009) . It is the second driest region in the DR. Hydrodynamics is defined by evaporation, May/December rains, troughs, storms, and hurricanes impacting the basin during the cyclonic season during JuneNovember (Delanoy et al., 2017; Rosado et al., 2016) . (Bird, 1980) , runs south of Lake Enriquillo on its way toward Haiti. It is the main geological fault in the region (Bionini et al., 1984; 
Geology
Lake Enriquillo is bordered by the Sierra de Neiba to the north and by the Bohoruco to the south, formed in the Eocene a part of the Tertiary era in the late Cenozoic era; These are composed of limestone rocks of marine origin, rich in calcium carbonate due to their calcareous origin, including the remains of mollusks, crustaceans, and coral from their time in the bottom of the sea during the Holocene . The rocks are highly fractured due to tectonism in the region (Bowin, 1966; Dolan et al., 1991) . There are a series of basic geological faults (Trefethen, 1981) and no formations . The most prominent faults are the Enriquillo-Plantain Garden and the Neiba, which delineate the Enriquillo Basin (Mann et al., 1999) (Figure 3 ). There was an earthquake on the Enriquillo-Plantain Garden fault measuring 7.0 Richter magnitude (USGS, 2010) , with an epicenter located in Port-au-Prince, Haiti. During the early Miocene, a large amount of sediment from the Sierras de Neiba and Bahoruco was washed away by the rivers, canyons, and streams, as well as by the torrential rains that accompanied storms and hurricanes (Stemann & Johnson, 1992) . The deposits of lake sediment reached a thickness greater than 500 meters (Wallace, 1947) , which trapped a reservoir of water to the east, now named Enriquillo lake and to the west, now called Lake Azuei Diaz and Solé, 2002) . The sediments linked to tectonics and closed the channel connection, separating the Neiba and Bahoruco ranges and forming the Bay of Port-au-Prince ( Van den Berghe, 1983; Pubellier, 2000) . On the shores of Lake Enriquillo, partially-intact corals of Holocene origin were deposited, buried by sediment (Stemann and Johnson, 1992) , as along with deposits of mollusk shells (Radke et al., 2003) and the remains of a variety of crustaceans Mann et al., 1999) . In the Discovery range, these elements are mixed with fragments of dolomite, calcite, and other rocks composed primarily of calcium carbonate, sometimes substituted by strontium (Hernaiz Huerta, 2004) .
100 years ago could be conducted. This would include analysis of sedimentary colors as natural records, sedimentation processes, and their correspondence with hydro-meteorological events like storms and hurricanes that have frequently impacted the region for several millennia. Using an Uwitec sampler, 20 sedimentary profiles were collected at Lake Enriquillo in centimeter sections. The 20 profiles, or cores, were tested for moisture, Ignition, inorganic carbon (Ahumada, 1991) , and elemental composition were analyzed. After a portion of sediment from each section was consumed to perform dating identification and to determine the Sedimentary Accumulation Rate (SAR) and the Mass Accumulation Rate (MAR), Lead 210 ( 210 Pb) was found in nine cores. Assuming Constant Flow (FC) where the age of each layer is determined by the expression:
Where λ is the constant of Half-life of 210 Pb, A (0) activity of the upper layer and A (i) activity of each layer (Appleby and Oldfield, 1978) . While the TAM is given by:
Where Sedimentary Accumulation Rate (TAS) is giving by
Where Ci is the accumulated activity per unit mass deposited annually per square centimeter and ρi the sediment density (Sánchez-Cabeza et al., 2012; Mosqueda et al., 2010) there is a sudden change in salinity which is smoothed from 250 km 2 related to the abrupt change in volume. The polynomial of order five of the trend curve is the one that best relates to the variables. (c) There is a relationship between the salinity and the volume related to the equation presented in the graph. The water features of Lake Enriquillo are unique in that they vary in relation to sea water or other lakes. Evaporation is considered as another influence that could alter the hydrodynamics of the lake. The empirical equation is as follows: E = 75 * T, where T is the annual mean lake temperature (27ºC) and E is given in mm Figure 6a (Core no. 2): It was observed that, during and after the passage of a TC, the rate of accumulation increases. From 1979 From -1998 , the levels remained below 1.6 cm y-1, defined as a drought period in the basin . The same characteristics were observed in other cores from different depths, the variation in the sedimentation rate occurring in accordance with the influence of the incident aquifers . The bottom of the lake is very irregular, with characteristic of reefs zones, with uniform gaps sloping as if they were a "pot".
The maximum depth (68.1 BSL) is in the northern part, closer to Cabrito Island than the northern shore.
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Characterization of Sediments
The loss of moisture, by ignition and calcination of profile Num. 10 ( Figure 5 ) taken from the north section of Lake Enriquillo, shows that the moisture and organic matter (Páez-Osuna et al. 1984 ) contained a trend that lent itself to the accomplishment of dating; the same was present in the profiles 2, 8, 13, 16, 17, 18, 19, and 20 . The organic matter (MO) contained in the sediments oscillates between 13 and 35%, observing several peaks in the MO content (Meyers and Ishiwatari, 1993) and in the TAS (Table 4) . On the surface and inside the sediments, remains of agricultural plants were found which are typical of the flora of the undeveloped area (La Descubierta, Jimaní, Postrer Ríos and Neiba). Variation in color occurred when burned along with the emission of a characteristic odor (Révész et al., 2012; Palacios et al., 2012) . One big number of shells and the depths to which they are found (Hernández, 2001) . Three distinct layers appeared in the cores (Figure 8b) , with three marked periods in the changes in sedimentation regime (Ruiz-Fernández et al., 2004) . The first layer reached 40 centimeters of thickness in some places. Nearly 30 centimeters of it was composed of silt, clay and MO (Shepard, 1954) . another layer was 10 to 15 centimeters thick and consisted of various clays encrusted with bivalve shells (Figure 8c ). The third consisted of more than 40 centimeters of silt sediment, characteristic of a slow sedimentation (Luque et al., 2000) . Bivalve shells separated two extreme events that did not allow this process to remain constant (López, 2003; Perez-Rojas et al., 2000) , with radioactivity levels varying from place to place.
Sedimentary Accumulation Rate and Mass Accumulation Rate
From 1998-2011, a large amount of sediment was deposited in LE, notably elevating TAS and TAM. It should be noted that something similar happened to Lake Azuei in Haiti (Kushner, 2016) , which also experienced a level rise (Wright et al., 2015) . This study was centered on LE, where it was found that in the zone of influence of the rivers Guayabal and Las Barias from 2003-2011 deposited around 24 cm and 25 cm, respectively, for a total TAS equal to almost 3.0 cm a- for the same area. The calculated dates are only a few months away from the occurrence of the weather event. The bathymetry of the lake (Figure 6 ) changed slightly due to sedimentation, especially in the mouth of the main tributaries which showed the highest TAS levels recorded in that period. In the eastern part of the lake, as a result of the contributions of sediments removed by the waters in the Cristóbal canal (estimated at 5x10 , an MO content of around 15% was found.
Analysis of Variance (ANOVA) of the calculated dates was conducted; MAR and SAR with 210 Pb in nine colors showing five years of extreme events that impacted the Lake Enriquillo region (see Fig. 7 ). Pb of the dates in nine colors indicating five episodes of growth of LE from extreme weather events, the influence of the extreme event on the sedimentation of the lake became evident. The upper row of the table corresponds to the date the phenomenon occurred: Hurricane Flora, 1963 , Hurricane David, 1979 , Hurricane George, 1998 , Storm Odette, 2003 , and Storms Olga-Noel, 2007 . The Sedimentary and MAR calculated with 210Pb show that these have been increasing, possibly associated with land use change, erosion, and deforestation. 17 1999 .55 1979 .85 1964 .13 No.4 2008 .19 2004 .28 1999 .23 1980 .55 1963 .59 No.6 2008 .89 2004 .45 1998 .88 1979 .94 1965 .10 No.8 2008 .04 2004 .41 1998 .50 1980 .45 1965 .79 No. 10 2008 .06 2004 .23 1999 .49 1980 .15 1965 .89 No. 13 2008 .18 2004 .13 1999 .36 1980 .68 1965 .81 No. 17 2008 .48 2004 .37 1998 .95 1979 .43 1967 .03 No.18 2008 .23 2004 .12 1998 .68 1980 .75 1967 .52 No. 20 2008 .83 2004 .09 1999 .06 1979 .76 1964 Confidence Intervals for Group Means 
Discussion of Results
For the periods 1979-1992, 1993-1998, and 1999-2003 , with salinity dropping below 35 ‰ (Rosado et al., 2017) .
The values of salinity in 1983 were 35 ‰ at the surface, similar to those of 2011; it is assumed that the same thing happened with the volume of water. The remaining rains of Hurricane David and Storm Frederic in 1979 served to maintain the level of Lake Enriquillo until 1982, when it began to decrease due to the low incidence of extreme weather events in the basin. This continued until Hurricane George in 1998 and the storm Odette in 2003. After the passage of Hurricane Tomas in 2010, the lake maintained its level without the occurrence of more powerful rainfall events until 2013, when levels began to rapidly decrease. The same pattern happened after the passage of Hurricane Flora in 1963 and Hurricane David and the storm Frederic in 1979, followed by heavy droughts. After completion of tritium measurements to measure the age of the water during the period of runoff in the Sierra de Neiba, it was confirmed that the rainwater falling in took between 2-3 years to reach the lake. It was estimated from bathymetric data that, between 1983 and 2010, some 4.23x10 Table 2 (SERVIR, 2009 ). The lake returned to cover the area it had occupied in 1979 in five years (2003) (2004) (2005) (2006) (2007) (2008) .
As of February 2011, salinity was recorded at 34 ‰ in most places measured, with exception to the main aquifers (Las Barias and Azufrada) and the lake's bottom (110 ‰). As shown in Table 2 , these measurements were similar to those in 1983 (Margalef, 1985) . The rains in 2012, plus what remained from 2010, caused the salinity for 2014 to fall to 23.4 ‰. As stated before, the arrival time for storm or hurricane water deposited in the lake through underground aquifers can take up to three years.
From 2003 to 2012, the LEB region, where precipitation is usually very low received enormous amounts of precipitation due to a series of extreme climatic events, primarily tropical storms and hurricanes (Figure 6 ), which led to flooding. The floods covered over 196.3 km Bindford, 1988 ) and the OM content by ignition loss with the X-Ray Fluorescence technique of several sections (UNEP, 1998; Révész et al., 2012) , variations in sediment type (Runnuw, 1999; Rudolph et al., 1984) , as well as the elemental composition of the sediments (Loring et al., 1977) , demonstrate a close relationship with extreme meteorological events (Figure 8 ).
Conclusion
The increase in LE's lake level, as well as surface occupation, in the DR began at the end of 2003, after the passing of the storm Odette. From 2003-2013, LE increased 13 meters by means of an increase in the rainfall in its basin, by the incidence of troughs, storms and hurricanes, and by the contribution of the river Yaque del Sur through the channel Cristóbal. Its salinity decreased from 105 ‰ in 2003 (Buck et al., 2005) to 23.4 ‰ in 2014. The composition of the sediments showed a change in the enrichment factors of several elements, normalized with calcium (Figure 8) , indicating a change in climate when compared to strontium (Albert, 2008) . Over the last 100 years, it has changed its level as a consequence of rainfall or drought seasons, changes that manifested in sediment diagenesis (Pantoja et al., 2010) .
SAR and MAR have increased as a result of land use change and deforestation (Günter, 2003) ; their origin is from the Sierra de Neiba to the north and from Bahoruco to the south, the latter being lower by geomorphology (Winsor et al., 2012) . According to the analysis of variance, extreme events have increased over time, causing a decrease in the water storage capacity of the lake and, therefore, a greater tendency to surface occupation. The bathymetry has changed slightly due to the contributions of sediment from the various sub-basins by way of rain and not by seismic-tectonic factors.
Finally, an excellent article published by Moknatian et al 2017, tries to answer the question "Will Lake Azuei spill over into Lake Enriquillo? (it will not); what are the maximum attainable lake levels and what impact would it be if the lakes were to reach these maximum levels? " Although they answer that it is not possible due to the geological formations of the lakes, based on the bathymetric and remote sensing analyzes, we understand that the likelihood of the lakes uniting depends on the level of precipitation in the Lakes' region. Due to the fact that global warming contributes to the intensity of cyclonic systems generating more intense precipitations. Morris et al 2010.
